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The collapse crater is 20 km in diameter.

Los Alamos, NM
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Inside Main Machine Shop, early 1960s



Trinity Device Blast, July 16, 1945

The test director, 
Kenneth Bainbridge, 
called the explosion a 
"foul and awesome 
display" and remarked 
to Oppenheimer, "Now 
we are all sons of 
bitches."

Oppenheimer recalled 
the line from the 
Bhagavad-Gita: "Now I 
am become Death, the 
destroyer of worlds."



July 24, 1946, a device similar to Fat Man was detonated 90 
feet below the surface of Bikini Lagoon



Greenhouse Test Series, Eniwetok Atoll in April and May of 1951



Ivy Mike conducted in the fall of 1952 at the 
Eniwetok Atoll Pacific Proving Ground 



Castle-Bravo Test, March 1, 1954 

“Lucky Dragon” Tuna Boat



Ivy-Mike

Castle-Nectar

Eniwetok Atoll, 
with craters from 
two tests



Soldiers participating in 
Operation Tumbler-
Snapper, May 1952 



On May 25, 1953, Operation Upshot-Knothole test series at the Nevada 
Test Site (NTS): a 280-mm cannon fired the first and last nuclear 
projectile as part of the Grable test. 



Setting up an underground test at 
Nevada Test Site  took time and 
miles of cables. 



Mandrel-Pliers, an underground 
test in Nevada, was conducted on 
August 27, 1969. 



Hundreds of test craters would eventually 
pockmark the Nevada Test Site. 



Last nuclear weapon test in USA:
“Divider,” September 23, 1992



Computer simulations



Dual-Axis Radiographic Hydrodynamic Test Facility, or DARHT



DARHT Containment Vessel





Bathtub curve showing relatively high equipment 
failure during early and late ages.

Source: Wikipedia, http://upload.wikimedia.org/wikipedia/commons/
thumb/7/78/Bathtub_curve.svg/500px-Bathtub_curve.svg.png 



Baseline 
scenario is 
here

New scenario
is here

In terms of the maintenance life cycle, the 
new equipment scenario is at the beginning of 
operations and the baseline scenario is at the 
disposition/recapitalization decision stage.



Mazak Mill-Turn
SM-39 Bldg 102

New
(for hydros)

New
(for hydros)

Old
(Haas VF-3)

Old
(Mazak 30Y)

(Keep old machines 
for other work)

Replace Replace

Make 10 parts/year 
@ 2 wks/part (new) 
vs. 8 wks/part (old)

Total Net PV:  $11MTotal Net PV:  $4.5M

Lathes
SM-39 Bldg 102

New New

Old
(remove)

Old
(keep or replace)

Replace Augment*

Total Net PV:  $1.2M Total Net PV:  $0.3M to 
$1.8M

*Note:  One of the Ex-Cell-O T-base lathes failed 
the week of March 2, 2015, and the other Ex-Cell-O
T-base lathe is expected to fail as well. This 
scenario may become a replacement.

EDM
SM-39 Bldg 102

New
OLD

(Keep)

Make 56 parts/year @ 2-4 
hours saved/part

(demand will increase)

Augment

Total Net PV: ($0.6M)

Make 10 parts/year 
@ 2 wks/part (new) 

vs. 16 wks/part (old)

Make 16 parts/year 
@ 40 hrs/part (new) 
vs. 80 hrs/part (old)

Make 16 parts/year 
@ 40 hrs/part (new) 
vs. 100 hrs/part (old)



MAZAK Integrex 30-Y in SM-39



Mazak Mill-Turn in SM-39

New
(for hydros)

Old
(Mazak 30Y)

(Keep old machine 
for other work)

Replace

Make 10 parts/year @ 2 
wks/part (new) vs. 8 

wks/part (old)

Total Net PV:  $4.5M

One-Time Costs
Equipment: $550k
Procurement: $76k
Facility Prep: $85k
Installation: $55k
Training: $117k
Qualification: $52k

Maintenance Costs
Preventative: $23k/y
Corrective (CM): see below

Productivity

CM, Old Mazak Cost

Every year: $34k

Every 3 years: $43k

Every 5 years: $77k

Every 10 years: $146k

Every 15 years: $85k

CM, New Mazak Cost

None 0

None 0

Every 5 years: $43k

None 0

None 0

New Mazak in SM-39
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Maximum = $11.4M

Minimum = $2.9M



Mazak Mill-Turn in Bldg 102

New
(for hydros)

Old
(Haas VF-3)

(Keep old machine 
for other work)

Replace

Make 10 parts/year @ 2 
wks/part (new) vs. 16 

wks/part (old)

Total Net PV:  $11M

One-Time Costs
Equipment: $550k
Procurement: $76k
Facility Prep: $160k
Installation: $55k
Training: $22k
Qualification: $52k

Maintenance Costs
Preventative: $23k/y (new) vs. $68k/y (old)
Corrective (CM): see below

Productivity

CM, New Mazak Cost

None 0

None 0

Every 5 years: $43k

None 0

None 0

New Mazak in Bldg 102

CM, Old Haas Cost

Every year: $77k

Every 3 and 5 years: $85k

Every 15 years: $94k
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Example traditional schedule:

Project Risk Management and Analysis



Activities can have both uncertainty and risk events



Schedule risk analysis models the uncertainty and risk quantitatively



Example Schedule Risk Analysis
Step 1: Uncertainty Only





Step 2: Define Risks and Estimate Probabilities and Impacts










